INTRODUCTION
Bacterial meningitis is an important cause of hospital admission in the UK, with an estimated 900 cases in adults every year. 1 Although viral meningitis is more common, 2 3 bacterial meningitis is more severe and requires urgent investigation and treatment to improve the outcome. 4 Even with treatment, 10e30% of patients die, and sequelae, especially hearing loss, occur in 5e40%. 5e9 Prompt treatment with antibiotics is essential in patients with bacterial meningitis, 10 but blind treatment without appropriate investigation, especially a lumbar puncture (LP), means that many patients whose meningeal symptoms are not due to bacterial infection will be treated inappropriately, and other diagnoses missed. Even if antibiotics have already been started, an LP should be performed as soon as possible, to refute the diagnosis or confirm the microbiological cause. Culturing the organism can yield information about antibiotic resistance, which is especially important for Streptococcus pneumoniae, or lead to contact tracing and postexposure prophylaxis, and sometimes vaccination, which are especially important for Neisseria meningitidis. Several studies in children have shown that the chances of culturing a pathogen from the cerebrospinal fluid (CSF) in bacterial meningitis are reduced, the longer the delay between starting antibiotic treatment and performing the LP. 11 12 Similar data are not available for adults.
In 2003, the British Infection Society produced a consensus guideline and algorithm for the management of suspected bacterial meningitis and meningococcal septicaemia in adults, which was updated in 2005. 13 14 The guideline emphasises the need for prompt presumptive antibiotic treatment in patients who are very sick. For patients with suspected meningitis but no features of raised intracranial pressure, shock or respiratory failure, an immediate LP is recommended, followed by antibiotic treatment. 13 14 In such patients, a CT scan is not needed prior to the LP. If there are to be delays before the LP, then treatment with antibiotics is recommended, but the LP should be performed as soon as possible afterwards.
However, the extent to which the guidelines are being followed is not clear. We therefore examined the management of adults with meningitis at a District General Hospital over a 3-year period. We included all patients with meningitis, not just those with confirmed bacterial disease, to gain a more complete picture of current practice. We used the Meningitest criteria, 15 which are based on CSF and blood parameters, to help identify patients who were likely to have had bacterial versus viral infection. 15 We were particularly interested in the use of LP and CT scanning, the initiation of antibiotic treatment, the sequence and timing of these, and the impact on culturing an organism from the CSF.
METHODS
The study was conducted in a large district general hospital, with a catchment population of 327 000 people, serving the whole of the Wirral peninsula in Merseyside. We screened all discharge coding from computerised records over a 3-year period, between January 2004 and December 2006, to identify adults (aged $ 15 years) that were clinically coded as having a discharge diagnosis of meningitis (in this hospital, patients $15 years were treated on the adult wards). We reviewed the case note to confirm the coding was correct, that is, that the patient had clinical features consistent with meningitis (fever, headache, neck stiffness, photophobia6rash) and that the clinical diagnosis was meningitis. Patients were excluded if they did not have CSF analysis, or if the CSF did not demonstrate a pleocytosis (>4 cells/ml), and the culture was negative for bacteria.
The incidence of meningitis was approximated by assuming that all adults with meningitis would be seen at this hospital (a reasonable assumption, as it is the only hospital on the peninsula) and that 79.6% of the catchment population are adults, as per the general UK population. 16 We recorded demographic, clinical, radiological and microbiological data from the case-notes and hospital electronic information system, and analysed the data anonymously. Microbiological investigations included microscopy, culture and sensitivity for bacteria for all patients, and PCR for herpes simplex virus type 1 and type 2 and enteroviruses 17 18 when requested by the physicians. We determined whether patients had any contraindications to an immediate LP, as described in the British Infection Society meningitis guideline (box 1). 13 Patients were classified as having Likely Bacterial Meningitis or Likely Viral Meningitis based on their CSF and peripheral blood results using the Meningitest criteria (box 2), 15 and further categorised as confirmed bacterial or viral meningitis based on the results of microbiological investigations.
Statistical analysis
Data were analysed using SPSS (SPSS, Chicago); the c 2 test was used to compare categorical data and the t test for continuous data; a p value of <0.05 was taken to be statistically significant.
The study was registered with the hospital audit department, and all data were handled according to national guidance.
RESULTS
Of the 277 059 patients, aged 15 years and over, admitted between January 2004 and December 2006, 19 102 patients aged 15 years or over had a coding diagnosis of meningitis, which was confirmed by reviewing the case notes (figure 1). Ten patients were excluded because CSF had not been examined (n¼6), or there was no pleocytosis and a negative culture (n¼4). No patients had a positive culture without a pleocytosis. Of the 92 patients with meningitis studied, 24 were classified by the Meningitest as Likely Bacterial Meningitis and 68 as Likely Viral Meningitis. Sixteen of the Likely Bacterial Meningitis and none of the Likely Viral Meningitis cases were CSF culture-positive for a bacterial pathogen (12 N meningitidis, three S pneumoniae and one Listeria monocytogenes). Only four patients (all with Likely Viral Meningitis) had viral PCR testing of the CSF performed, one of whom was positive for herpes simplex virus type 2. Blood was not sent from any patient for bacterial PCR tests. 20 
Epidemiology
The overall incidence of clinically diagnosed acute meningitis in adults was 11.8 per 100 000 adults/year, with an incidence of 8.7 cases per 100 000/year for Likely Viral Meningitis and 3.1 cases per 100 000/year for Likely Bacterial Meningitis. The incidence of Confirmed Viral Meningitis and Confirmed Bacterial Meningitis was 0.13 per 100 000/year and 2.04 per 100 000 adults per year respectively.
Demographic and clinical features
Forty-nine (53%) of the patients were male, and the median (range) age was 27 (15e82) years. All 12 patients with confirmed meningococcal meningitis were less than 30 years old. In the table 1, the clinical features of the 24 patients with Likely Bacterial Meningitis are compared with those of the 68 with Likely Viral Meningitis, while the 16 patients with microbiologically confirmed bacterial meningitis are compared with the 76 that were culture-negative. Patients with Likely Bacterial Meningitis as defined by the Meningitest criteria were significantly more likely to have fever, a rash and a reduced Glasgow coma score, than those with Likely Viral Meningitis, but they were less likely to have neck stiffness, vomiting and photophobia. Similarly, patients with Confirmed Bacterial Meningitis were more likely to have fever, a rash and a reduced coma score than patients who were culture-negative, but they were less likely to have headache, neck stiffness, vomiting and photophobia. Table 1 also shows that the sensitivity, specificity, positive and negative predictive values of the clinical features for culture-positive bacterial meningitis were relatively poor.
Timing of lumbar puncture and positive CSF culture
We analysed the relationship between timing of the LP and the likelihood of a positive CSF culture. In five of the 92 cases, the Box 1 Contraindications to an immediate lumbar puncture in adults with suspected acute bacterial meningitis. 13 14 < Marked depressed conscious level (Glasgow Coma Score <12) or a fluctuating conscious level (fall in Glasgow Coma Score >2) < Focal neurology < Persistent seizures < Bradycardia and hypertension < Papilloedema < Strong clinical suspicion of meningococcal septicaemia < Rapidly progressive rash < Poor peripheral perfusion, capillary refill time > 4 s, oliguria and systolic blood pressure < 90 mm Hg < Respiratory rate <8 or >30 < Pulse rate <40 or >140 bpm < Acidosis pH <7.3 or base excess worse than À5 < White blood cell count <4/mm timing of the first parenteral antibiotic dose and/or the LP was not adequately documented to allow comparison, and so this was excluded from this analysis, as were a further three patients who had received preadmission oral antibiotics. Of the remaining 84 patients, none had an LP prior to parenteral antibiotics being given, all receiving at least one dose of a parenteral third-generation cephalosporin (figure 2). Only three (4%) patients had the LP within 2 h after the commencement of the antibiotic; culture was positive in two (66%) of these. Overall CSF culture was positive for eight (73%) of the 11 patients who had an LP up to 4 h after starting antibiotics, compared with eight (11%) of 71 patients who had later LPs (p<0.001). None of the 34 LPs performed more than 8 h after antibiotics were started gave a positive CSF culture.
Delays in lumbar puncture
For 62 (67%) of the 92 patients, the delay in LP was due, at least in part, to a CT scan. According to British Infection Society guidelines, 14 only 20 of these patients actually had a contraindication to an immediate LP, necessitating a CT scan first. Six of these 20 patients had a minor coincidental abnormality on the scan (eg, ischaemic change), but no scan precluded an LP from being performed afterwards, and four patients subsequently had bacteria cultured from their CSF. The CT scans for 41 of the 42 Original article group.bmj.com on June 28, 2010 -Published by emj.bmj.com Downloaded from patients with no indications for an immediate CT scan were normal; one patient had coincidental periventricular ischaemia, which was unrelated to the clinical presentation. In three cases, there were also delays because of coagulation disturbance (warfarin therapy for two, haemophilia for one) and two patients had several unsuccessful LP attempts by senior house officer and specialist registrar level medics and required a radiologically guided LP. None of the patients who had an LP without prior imaging had any contraindications to an immediate LP. No patients had any deterioration or other adverse event following the LP.
DISCUSSION
This study has shown that the consensus guidelines for the management of suspected bacterial meningitis are not being followed, and that this is detrimental to the clinical care, particularly to the ability to isolate the causative organism. Previously, a survey of knowledge, attitudes and practice among hospital clinicians in 2005 showed that the diagnosis and management of bacterial meningitis varied widely and did not always follow the consensus guidelines, 21 but this was based on the anticipated approach to representative case scenarios, rather than actual practice. A retrospective multicentre study of adults with confirmed bacterial meningitis or meningococcal septicaemia from 18 hospitals in England and Wales examined various aspects of the clinical assessment and treatment, 22 and identified poor record keeping, incomplete assessments and delays in consultant review as particular problems. However, because it only included patients who were culture-positive, the study revealed nothing about the impact of delayed LPs on CSF culture.
Although limited by its retrospective nature, our study has shown that in a busy District General Hospital in the Northwest of England, not a single patient had their LP before antibiotics were started, even though the guidelines make it clear that this should be the management for patients with no signs of raised intracranial pressure, shock or respiratory failure. The guidelines recommend that for such patients, antibiotics are started immediately after the LP is performed, or sooner if there is to be a delay of more than 30 min. However, even if antibiotics have already been given, these data show that CSF culture is still likely to be positive in adults with bacterial meningitis if the LP is performed within a few hours of starting the antibiotics. Beyond 4 h, the chance of positive cultures drops significantly, and beyond 8 h no culture was positive.
It is possible that the positive cultures in earlier LPs might reflect the fact that patients with bacterial meningitis were more unwell and thus more likely to have an LP earlier, but we did not find this in these data. Moreover, these findings are in keeping with observations in paediatric practice. In one retrospective study of 128 children seen in a Californian hospital over 5 years, the CSF was sterile for 44% of patients whose LP was performed after parenteral third-generation cephalosporins had been started, compared with 3% of patients who had the LP before the antibiotics. 11 Data from children that had received serial LPs showed that by 2 h after the antibiotics were started, all CSF samples were sterile for N meningitidis, and by 4e10 h, 70% were sterile for S pneumoniae. In a study of childhood meningococcal meningitis, sterile CSF was noted in all cases that underwent an LP more than 5 h after starting parenteral antibiotics. 12 In contrast, in our study in adults, we found that N meningitidis could be cultured up to 6e8 h after starting antibiotics.
The most common reason for a delayed LP was a CT scan, which was performed in approximately two-thirds of patients, even though only one-fifth of the patients actually had an indication for a CT. Although there are clear guidelines on which patients with suspected meningitis need a CT scan before LP, 23e25 with a strong evidence base to support them, 6 26 getting this translated through to everyday clinical practice is difficult. Further delay may be due to some hospitals prohibiting the performance of LPs in the emergency department. Although there was no such policy in the hospital studied, national waiting time targets may discourage the performance of LPs in the emergency department. Additionally, delays may also occur because of the misconception that a CT can exclude raised intracranial pressure and thus determine the safety of an LP. 27 Local policies are needed to facilitate the implementation of national guidelines in local practice. Similar concerns were noted in a retrospective study in Cambridge, where inappropriate CT scans led to a delay of LP in 30% of cases 28 and in Canada where the resulting delay in antibiotic administration was clearly associated with increased mortality.
10 Figure 2 Delay between starting antibiotics and lumbar puncture (LP), and effect on culture of micro-organisms from the cerebrospinal fluid (CSF). It is, however, encouraging that out of 102 patients with a coding diagnosis of meningitis, 96 (94%) had an LP performed. This compares favourably with our recent study of patients with suspected viral encephalitis, where 17 (81%) of 21 had an LP, 20 and our paediatric study where only 25 (55%) of 47 patients with suspected central nervous system infection and no contraindications had an LP. 29 Bacterial meningitis can only be distinguished from viral infection by CSF examination. As in Cambridge, 28 we found the clinical features of bacterial and viral disease differed, with fever, rash and reduced consciousness more common in bacterial disease, and meningism (headache, photophobia, neck stiffness) more common in those with negative CSF culture. However, as others have shown previously, 6 7 we found that the positive and negative predictive values for the clinical features, including the classical triad of fever, neck stiffness and altered consciousness, were not sufficiently high to distinguish bacterial from viral disease reliably.
According to the notes, CSF was sent for PCR tests in only four of 68 patients with possible viral meningitis, despite considerable experience and published evidence that such tests help provide an aetiological diagnosis including the small proportion of cases of viral meningitis in which pleocytosis is absent, 17 27 Further, none of the 92 patients with possible bacterial meningitis had CSF or blood sent for PCR tests, which have been shown to greatly increase the ability to diagnose meningococcal meningitis in particular, even after antibiotic administration, and are readily available in our region. 30 It is possible that our case note review missed requests for viral and bacterial PCR and viral culture made by the microbiology service once the sample had been sent. The BIS guideline recommends that all patients with suspected bacterial meningitis should have blood sent for culture as well as both EDTA and clotted samples sent for PCR in addition to throat swabs. Further investigation should be undertaken with close collaboration between clinicians and microbiologists/virologists and infectious disease physicians.
We included in our study all patients with meningitis (defined as a CSF pleocytosis) and used the Meningitest to distinguish between those likely to have bacterial or viral disease. This is the first time the test has been used since it was published in 2007. 15 Although a variety of scoring systems have been proposed to try and distinguish between bacterial and viral meningitis, they should not be the sole criteria by which meningitis is categorised. 31 However, in our study, the Meningitest correctly identified all 16 patients with proven bacterial meningitis, and the one patient with proven viral meningitis, which was due to HSV type 2. The number of patients with viral meningitis is likely to be much higher, but whereas microscopy and bacterial culture were performed on all 92 CSF samples, viral PCR was performed on only four of 68 patients with Likely Viral Meningitis. Aciclovir is sometimes used in patients with HSV meningitis, though there have been no controlled trials to show whether or not it is beneficial. However, establishing the cause of viral meningitis can have important implications for the patient, irrespective of antiviral treatment. For example, HSV-2 is often acquired sexually, and so the diagnosis of HSV-2 meningitis should prompt a search for genital herpes (which responds to treatment) and lead to contact tracing. Moreover, HSV-2 virus can cause recurrent ('Mollaret's') meningitis. Furthermore, proving meningitis is viral has been shown to decrease the duration of inappropriate antibiotic therapy. 28 Overall viral meningitis is more common than bacterial disease, and our figures for Likely Viral Meningitis (8.7 per 100 000 adults/year) versus Likely Bacterial Meningitis (3.1 per 100 000 adults/year) are in keeping with this. The annual incidence of culture Confirmed Bacterial Meningitis in our study was 2.04 per 100 000 adults, which is comparable with the estimated 0.6e4 cases per 100 000 adults in other series. 31 Our figure for Confirmed Viral Meningitis was 0.13 per 100 000 adults, which is much lower than 7.6 per 100 000 adults per year from published series, 2 3 reflecting the fact that patients with suspected viral meningitis were not investigated properly.
In summary, this study has shown that in this hospital, the British Infection Society guidelines on the use of LP in the management of adults with suspected meningitis are not being followed. Patients who have no features of severe disease do not need a CT scan and should have an immediate LP before antibiotics are started. Too many patients are being sent for unnecessary CT scans, causing delays in the LP and reducing the chances of a positive CSF culture. Just as in children, we have shown that in adults, the longer the delay between starting antibiotics and performing an LP, the less likely it is that an organism will be cultured, though up to 4 h, the chances remain good.
Molecular tests to assist in diagnosing the aetiology of both viral and bacterial meningitis are particularly useful diagnostic adjuncts in patients who have received antibiotics prior to lumbar puncture, and their routine use should be promoted.
